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Information on the use of antibiotics in Eastern Asian children is 
limited. The objectives of this study were to evaluate the 
nationwide pattern of prescribing broad-spectrum antibiotics, and 
the potential appropriateness of antibiotic use for acute respiratory 
tract infections in Korean paediatric outpatients according to age 
groups and medical institutions. 
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2. Method
The population-based study used the national insurance 
reimbursement database in 2011. The study subjects were 
outpatients younger than 18 years old prescribed systemic 
antibiotics. Patterns of antibiotic prescription were compared 
according to diagnostic conditions, age groups, and medical 
institutions. The factors affecting broad-spectrum antibiotic 
prescriptions were also analysed. The potential appropriateness of 
antibiotic use for acute respiratory tract infections was evaluated 
based on clinical practice guidelines. The antibiotics were 
potentially appropriate if they were recommended as first/second-
line agents.
3. Results
The data consisted of 70.7 million prescription records for 7.9 
million paediatric outpatients. Broad-spectrum antibiotics 
comprised 78.5% of the prescriptions, with broad-spectrum 
penicillin such as amoxicillin/clavulanate being the most prescribed 
(50.2%). Factors associated with broad-spectrum antibiotic use 
were acute respiratory infections and younger age groups. A 
proportion of prescribed antibiotics for acute respiratory infections 
for which antibiotics are rarely indicated was 51.4%. Most of these 
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prescriptions were for and acute bronchitis with broad-spectrum 
antibiotics.
4. Conclusions
This study found that broad-spectrum antibiotics were commonly 
prescribed in Korean paediatric outpatients, and its potential misuse 
was frequent for acute respiratory diseases. Antibiotic use in 
children in Korea is inappropriately high. Additionally, broad 
spectrum antibiotics are used excessively. 
keywords : Korean pediatric outpatients, antibiotic prescriptions, age 
groups, medical institutions; acute respiratory tract infections 
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Antibiotics are one of the commonly used therapeutic agents for 
children.[1, 2] However, misuse of antibiotics is a contributing 
factor to the emergence of antibiotic-resistant bacteria, drug-
related adverse events and costs to both patients and society.[3] In 
the United States and Europe, the overall amount of antibiotics 
prescribed to children is decreasing due to prudent prescribing of 
antibiotics.[4-6] However, systemic antibiotics still account for 
one-third of all prescriptions in pre-school children, and almost 
50% are broad-spectrum antibiotics, which accelerates the rise of 
bacterial resistance to antibiotics.[5, 7]
The level of antibiotic use is relatively high in Eastern Asian 
countries such as China, Japan and Korea.[8-10] The Organization 
for Economic Cooperation and Development (OECD) reported that 
Koreans consumed 36% more antibiotics than the OECD’s average 
in 2011.[9, 11] The prescription for children was 3 times higher 
than that for adults.[9] Patterns of antibiotic use in Korean 
paediatrics with acute upper respiratory tract infections (AURI) 
were reported recently.[12] However, evaluation of broad-
spectrum antibiotic use and analysis of other respiratory diseases 
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was not included, although the prescriptions for acute bronchitis is 
suggested as a valid quality indicator in the primary care 
setting.[13] Most of the studies in Korean paediatrics have used 
sample data collected from only 10% of the patients.[12, 14] 
Because antibiotic prescription profile in Korea has age-related 
variability and differs from those in western countries,[1, 9] 
knowledge of the current pattern is important to reduce its misuse 
in paediatrics and to guide the development of clinical guidelines. 
Moreover, community-acquired antibiotic resistance is of particular 
concern due to its common transmission, it is necessary to analyse
antibiotic use in outpatient setting.[3]
1.2. Purpose of Research
This study analyses the nationwide pattern of broad-spectrum 
antibiotic use in Korean paediatric outpatients according to age 
groups and medical institutions. Moreover, prescribing patterns and 
the potential appropriateness for use with acute respiratory tract 
infections (ARTIs) are also evaluated.
3
Chapter 2.Methods
2.1. Data source and study subjects
This population-based study was performed using the national 
insurance reimbursement claims database from Health Insurance 
Review & Assessment Service (HIRA) of Korea. HIRA is an 
independent and public insurance agency responsible for reviewing 
medical fees, evaluating whether the prescribed drugs are medically 
necessary commonly based on the indications and dosages in labels, 
and ultimately providing a national insurance coverage for more 
than 95% of Korean citizens.[12]
The study subjects were patients younger than 18 years old, 
who visited ambulatory care facilities from January 1 to December 
31, 2011, and were prescribed systemic antimicrobial agents (oral 
route or injection) at least once based on drug category 610 
(antibacterials) and 620 (chemotherapeutics such as sulfonamides) 
as listed in the Korean regulations.[15] The data included an 
unidentifiable code representing each individual, demographic data 
such as age and gender, primary diagnosis code, medical institution, 
and prescribed drug information included the brand and generic 
name, route of administration, etc. 
Paediatric Patients Sample data by HIRA (HIRA-PPS) was also 
used to analyse the proportion of children prescribed antibiotics on 
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the number of paediatric outpatients with each condition in 2011. It 
contains the claim data for 10% of whole paediatric beneficiaries, 
which was constructed and validated using a gender- and age-
stratified random sampling.
2.2. Study antibiotics
Among the antimicrobial agents, study antibiotics were limited 
to those of Anatomical Therapeutic Chemical (ATC) class J01 
(antibacterials for systemic use).[6, 16] Others such as antiviral, 
antifungal, and antimycobacterium agents were excluded. Although 
some of the antibiotics do not have an ATC code, they were 
definitely classified as antibacterials as follows; ciclacillin (J01CA), 
cefteram (J01DD), kitasamycin (J01FA), balofloxacin (J01MA), and 
tosufloxacin (J01MA).[17-19]
Broad-spectrum antibiotics were defined based on antimicrobial 
activity as follows; broad-spectrum penicillins (antipseudomonal 
penicillins with extended spectrum such as piperacillin (J01CA12), 
ticarcillin (J01CA13) and combinations of penicillins, including 
beta-lactamase inhibitors (J01CR)), second to fourth-generation 
cephalosporins (J01DC, J01DD, and J01DE), carbapenems (J01DH), 
broad-spectrum macrolides such as azithromycin (J01FA10) and 
clarithromycin (J01FA09) and fluoroquinolones (J01MA).[7, 20] 
Others were analysed as narrow-spectrum antibiotics.
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2.3. Analysis of prescribing pattern of broad-
spectrum antibiotics 
Antibiotic prescriptions were analysed according to the primary 
diagnosis assigned at the visit and encoded by the International 
Classification of Diseases, tenth revision (ICD-10). The number of 
prescriptions and the percentage of broad-spectrum antibiotics 
were analysed for each diagnostic category, age group and medical 
institution. Classification of age groups followed the International 
Conference on Harmonisation guideline: infants/toddlers (0-23 
months), children (2-11 years), and adolescents (12-17 
years).[21] Medical institutions were classified according to 
Korean Medical Service Act: tertiary hospitals (≥ 20 medical 
specialists), general hospitals (≥ 100 beds and ≥ 7 medical 
specialists), hospitals (≥  30 beds), primary care clinics 
(institutions primarily for outpatients), and public health centers 
(government-funded clinics).[22] Data were expressed as the 
number of prescriptions per 1000 patients. 
In order to identify factors associated with broad-spectrum 
antibiotic prescriptions, a multivariable logistic regression was 
performed-. A stepwise selection approach was used to include 
variables simultaneously in the model if they were nominally 
associated (P < 0.05) with the prescription in univariable analysis. 
Variables considered for inclusion were diagnostic condition, age 
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group, and medical institution. 
2.4. Evaluation of the potential appropriateness for 
antibiotic use in ARTI 
The prescribing pattern of antibiotics for ARTIs was assessed 
for AURI (J00-J06), influenza (J09-J11), pneumonia (J12-J18), 
other acute lower respiratory infection (ALRI, J20-J22) and acute 
otitis media (AOM, H650, H651, H660) according to age group and 
medical institution. An age-dependent trend of paediatric population 
was analysed using population census data.[23] An age-dependent 
proportion of prescribed antibiotics for ARTIs was also analysed.
Two subcategories were created to analyse the prescribing 
pattern of antibiotics as follows; ARTIs for which antibiotics are 
potentially indicated (i.e., acute sinusitis, J01; acute 
pharyngitis/tonsillitis, J02-J03; pneumonia due to Streptococcus 
pneumoniae, J13; pneumonia due to Haemophilus influenzae, J14; 
other bacterial pneumonia, J15-J18; AOM), and ARTIs for which 
antibiotics are rarely indicated (i.e., acute nasopharyngitis, J00; 
acute laryngitis/tracheitis/epiglottitis, J04-J05; other AURI, J06; 
influenza, J09-J11; viral pneumonia, J12; acute bronchitis, J12; 
acute bronchiolitis, J21; other ALRI, J22).[7, 24] It is potentially 
inappropriate to prescribe a drug for which the potential risks of 
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use outweigh the potential clinical benefits.[25] The number of 
paediatric outpatient visits for a disease was estimated using the 
information from HIRA (http://opendata.hira.or.kr), and the 
estimated prescription rate of antibiotics was calculated for each 
disease. Using the diagnostic codes and prescribed drug information 
in the claims database, the potential appropriateness of antibiotic 
use for a disease was evaluated based on clinical practice guidelines 
as follows; acute sinusitis, acute pharyngitis/tonsillitis, bacterial 
pneumonia, and AOM.[24, 26-30] The antibiotics were regarded as 
potentially appropriate if they were recommended as the 
first/second-line agents for paediatric outpatients, and potentially 
inappropriate if they were not recommended or the appropriateness 
was not defined. 
The European Surveillance of Antimicrobial Consumption group 
(ESAC) proposed disease-specific APQI for paediatric outpatients. 
The percentage of children with an URTI (J00, J02, J06), tonsillitis 
or AOM who received an antibiotic was analysed with the 
acceptable range of 0-20%. The proportion of recommended 
antibiotics suggested as the APQI should be between 80-100% in 
children with URTI or tonsillitis (i.e., beta-lactamase sensitive 
penicillins, J01CE) and with AOM (i.e., penicillins with extended 
spectrum, J01CA; beta-lactamase sensitive penicillins, J01CE). 
The prescription percentage of quinolone (J01M) was also 
assessed with the acceptable rage of 0-5%.[13] Since prescription 
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rate of amoxicillin could be considered as a quality indicator for the 
antibiotic use in ARTIs, its statistical difference between the 
subcategories of ARTIs was also determined by a chi-square 
test.[13] 
All analysis was performed using SAS version 9.2.
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Chapter 3.Results
3.1. Population characteristics 
As shown in table 1, 107 antibiotics were prescribed 70.7 
million times to 7.9 million paediatric outpatients, which represents 
8984 prescriptions/1000 patients per year. The median age was 4.0 
years. Antibiotics were prescribed mainly to children (65.3%), but 
the most antibiotics per 1000 patients (16504 prescriptions) were 
prescribed for infants/toddlers. This was five times higher than that 
for adolescents. In 2011, 79.3% of the Korean children were 
prescribed antibiotics among the whole paediatric population of 9.9 
million. The prevalence of antibiotic prescription was high in 
infants/toddlers (97.4%) and children (87.3%) compared to 
adolescents (65.3%; P < 0.01). Most prescriptions were obtained at 
local clinics (87.2%). 
Most prescriptions were obtained at local clinics (87.2%). 
Respiratory disease was the most prevalent disease (72.2%), 
among which 83.3% of the antibiotics were for acute diseases. The 
next most prevalent disease was an ear/mastoid process disease 
(16.0%), in which 54.5% of antibiotic prescriptions were for AOM. 
The most antibiotic prescriptions per 1000 patients were for 
paediatrics with genitourinary (13293 prescriptions) or respiratory 
system diseases (11795 prescriptions).
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Table 1. General information on Korean paediatric outpatients 
prescribed antibiotics









Boys 4105 (52.2) 37919 (53.7) 9237
Girls 3760 (47.8) 32738 (46.3) 8708
Age groups
Infants/toddlers 898 (17.1) 14813 (21.0) 16504
Children 4325 (49.3) 46127 (65.3) 10665
Adolescent 2642 (33.6) 9717 (13.8) 3678
Medical institutions
Tertiary hospitals 264 (2.7) 661 (0.9) 2499 
General hospitals 845 (8.5) 3073 (4.3) 3637 
Hospitals 953 (9.6) 5324 (7.5) 5587 
Primary care clinics 7857 (79.2) 61592 (87.2) 7839 
Public health 
centers








1556 (15.6) 11285 (16.0) 7253 
Skin/subcutaneous 
tissue (L00-L99)
765 (7.7) 2132 (3.0) 2788 
Certain 842 (8.4) 1530 (2.2) 1817 
11













877 (8.8) 1179 (1.7) 1344 
Digestive system 
(K00-K94)
391 (3.9) 544 (0.8) 1391 
Genitourinary 
system (N00-N99)
31 (0.3) 407 (0.6) 13293 
Other 1174 (11.8) 2541 (3.6) 2164 




178 (1.4) 526 (1.1) 2948
Acute sinusitis 
(J01)








545 (4.4) 1315 (2.7) 2415
Influenza (J09-
J11)
22 (0.2) 45 (0.1) 2043
Pneumonia (J12-
J18)
739 (5.6) 2797 (5.7) 3786
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3726 (30.1) 17466 (35.9) 4688
Acute bronchiolitis 
(J21)
612 (4.9) 3101 (6.4) 5070
Other ARTI (J06, 
J22)
937 (6.7) 2534 (5.2) 2704
Acute otitis media 
(H650, H661, 
H659)
946 (7.6) 6156 (12.6) 6505
Total 7865 (100.0) 70657 (100.0) 8984
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3.2. Prescribing patterns and risk factors of broad-
spectrum antibiotics 
Broad-spectrum antibiotics comprised 78.5% of the 
prescriptions for paediatrics, and broad-spectrum beta-lactams 
were commonly used (figure 1).
As shown in figure 2 and table 2, broad-spectrum penicillins 
were prescribed most frequently for younger patients (47.4% and 
52.0% for infants/toddler and children, respectively). The 
prescription of third-generation cephalosporins increased as the 
patient age decreased (4.6%, 9.6% and 18.4% for adolescent, 
children and infants/toddler, respectively), while the second-
generations was prescribed more for adolescents (41.8%) than for 
infants/toddler (16.7%) or children (20.0%). Broad-spectrum 
macrolides were prescribed more to younger patients (17.6% for 
infants/toddler) than adolescent (8.8%).
The prescription rate of broad-spectrum antibiotics among 
medical institutions was not statistically significant (78.0-87.9%, P
= 0.48; table 2). However, broad-spectrum penicillins were used 
more frequently in the smaller institutions. Health care providers in 
the large institutions tended to use second to fourth-generation 
cephalosporins, with the majority of them being the third-
generation, and broad-spectrum macrolides (figure 3 and table 2). 
Table 3 and figure 4 shows that only diagnostic conditions and 
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age groups were independently associated with broad-spectrum 
antibiotic prescription (P < 0.05). Broad-spectrum antibiotics were 
more likely to be prescribed for ARTIs for which antibiotics are 
potentially indicated (OR: 2.36 [95% CI: 1.30-4.27]) and ARTIs 
for which antibiotics are rarely indicated (OR: 2.17 [95% CI: 1.21-
3.89]), when compared to all other conditions. Infants/toddlers and 
children were more likely to receive them (OR: 1.96 [95% CI: 
1.04-3.71] and OR: 1.82 [95% CI: 1.08-3.06]) than adolescents.
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Figure 1. Broad-spectrum antibiotic prescription in Korean paediatrics
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Table 2. Prescription of frequently used antibiotics in Korean paediatric outpatients according to age groups and 
medical institutions
Characteristics Percentage of broad-spectrum antibiotic prescription Percentage of narrow-spectrum 
antibiotic prescription
Amox/clav Cefaclor Cefpodoxime Clarithromycin Amoxicillin Roxithromycin
Total 38.2 13.0 4.0 11.6 9.9 4.1
Age group
Infants/toddlers 37.9 9.3 7.9 11.7 13.2 2.2
Children 40.9 12.2 3.4 12.9 9.8 4.1
Adolescent 26.0 22.8 0.8 5.4 5.6 7.0
Medical institution
Tertiary hospitals 21.1 5.0 11.8 14.3 3.9 7.4
General hospitals 24.1 5.7 13.6 16.9 5.1 4.6
Hospitals 35.0 10.3 6.9 13.6 11.2 1.9
Primary care 
clinics
39.4 13.7 3.1 11.2 10.1 4.3
Public health 46.6 10.7 5.1 11.9 6.5 2.1
17
Characteristics Percentage of broad-spectrum antibiotic prescription Percentage of narrow-spectrum 
antibiotic prescription




Figure 2. Prescribing pattern of broad-spectrum antibiotics for paediatric outpatients by age groups
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Figure 3. Prescribing pattern of broad-spectrum antibiotics for paediatric outpatients by medical institutions
20
Figure 4. Disease-specific broad-spectrum antibiotic prescription in Korean paediatrics
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Table 3. Factors associated with the prescription of broad-
spectrum antibiotics in paediatric outpatients











Infants/toddlers 11978 (80.8) 1.96 (1.04-3.71)
Children 37052 (80.3) 1.82 (1.08-3.06) 0.04
Adolescent 6457 (66.6) 1.00 (reference)
Medical institution
Tertiary hospitals 519 (78.8) …a
General hospitals 2590 (84.4) …a











19593 (82.8) 2.36 (1.30-4.27)
ARTIs, antibiotics 
rarely indicated




are not definitely 
10049 (76.1) 1.66 (0.88-3.16) 0.02
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All other conditions 5858 (66.7) 1.00 (reference)
Abbreviations: ARTI, acute respiratory tract infection
a Because medical institutions as an independent variable were not 
nominally associated (P ³ 0.05), the adjusted OR of broad-spectrum 
antibiotic use was not calculated.
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3.3. Antibiotic prescribing patterns and its potential 
appropriateness in ARTI
Among ARTI, the leading diagnoses accounting for antibiotic 
prescription in paediatrics were ALRI (43.9%) and AURI (37.6%; 
figure 5).
The rate of antibiotic prescription was greater in younger 
paediatric population than adolescent, compared to the size of the 
population. The proportion of antibiotics for ARTI was 75.9% for 
1-year old infants compared to 43.0% for 17-year old adolescents 
(figure 6). 
As shown in figure 7, younger patients were prescribed 
antibiotics mainly for ALRI (45.0% and 44.8% for infants/toddlers 
and children, respectively), while for adolescents antibiotics were 
prescribed for AURI (55.8%). The antibiotic prescriptions for AOM 
were higher for the younger patients, so the prescription accounts 
for 19.9% and 10.7% for infants/toddlers and children, respectively. 
Among the medical institutions (figure 8), healthcare providers in 
hospitals and primary care clinics used antibiotics mainly for ALRI 
(roughly 48%) and AURI (roughly 33%). In tertiary hospitals, 
antibiotics were prescribed mainly for pneumonia (40.7%).
An estimated prescription rate for ARTIs for which antibiotics 
are potentially indicated was 87.1%, while that for ARTIs for which 
antibiotics are rarely indicated was 57.7% (table 4). More than one 
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antibiotic was prescribed per outpatient visit for the bacterial 
pneumonia and AOM. 
Table 5 shows that a proportion of prescribed antibiotics for 
ARTIs for which antibiotics are rarely indicated (51.4%) was 
similar to that for ARTIs for which antibiotics are potentially 
indicated (48.6%). The paediatrics with AURIs were given mainly 
amoxicillin/clavulanate although its appropriateness was not 
determined in acute pharyngitis/tonsillitis. Clarithromycin was also 
used for acute sinusitis (9.7%), which it is not recommended. 
Paediatrics having pneumonia by a specific pathogen were also 
prescribed broad-spectrum antibiotics although narrow-spectrum 
amoxicillin provides appropriate coverage. Among ARTIs, the 
antibiotics were most frequently prescribed for paediatrics with 
acute bronchitis, the antibiotic-unindicated disease (35.9%). 
Amoxicillin/clavulanate (47.4% for nasopharyngitis) and 
clarithromycin (21.0% for bronchiolitis) were the most improperly 
prescribed antibiotics. The amoxicillin use in ARTIs for which 
antibiotics are potentially indicated (9.9%) was not significantly 
different from that in ARTIs for which antibiotics are rarely 
indicated (9.5%, P = 0.98; data not shown).
Table 6 shows that the adherence rate of antibiotic 
prescriptions to the national clinical guidelines was relatively high 
for sinusitis (58.8%) and AOM (65.0%), while that for tonsillitis 
was only 8.2%. As the European APQI, the percentage of children 
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prescribed antibiotics for URTI (35.1%), tonsillitis (81.8%) or AOM 
(95.7%) stayed significantly above than the range proposed by the 
ESAC. Moreover, the proportion of recommended prescriptions for 
URTI (< 0.1%), tonsillitis (< 0.1%) or AOM (13.4%) were 
significantly lower than the acceptable range. The prescription of 
quinolones was within the acceptable range (< 0.1%).
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Figure 5. Acute respiratory tract infections accounting for antibiotic prescription in paediatric outpatients. 
Abbreviations: AURI, acute upper respiratory infection (J00-J06); influenza (J09-J11); pneumonia (J12-J18); ALRI, 
other acute lower respiratory infection (J20-J22); AOM, acute otitis media (H650, H651, H660) 
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Figure 6. Age-specific trend of population and prescribed antibiotics in paediatric outpatients. Abbreviations: ARTI, 
acute respiratory tract infection
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Figure 7. Distribution of acute respiratory diseases accounting for antibiotic prescription by age groups; ALRI, acute 
lower respiratory infection; AOM, acute otitis media.
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Figure 8. Distribution of acute respiratory diseases accounting for antibiotic prescription by medical institutions. 
Abbreviations: AURI, acute upper respiratory infection; ALRI, acute lower respiratory infection; AOM, acute otitis
30





















27150 23656 (87.1) 19593 (82.8)
Acute sinusitis 
(J01)
7361 6884 (93.5) 5784 (84.0)
Acute pharyngitis 
(J02)
5233 2109 (40.3) 1673 (79.3)
Acute tonsillitis 
(J03)
7209 5738 (79.6) 4661 (81.2)
Pneumonia due to 
S. pneumoniae 
(J13)
9 9 (101.8) 8 (92.3)
Pneumonia due to 
H. influenzae (J14)




2262 2757 (121.9) 2342 (84.9)
Acute otitis media 
(H650/H661/H659)





























2500 1315 (52.6) 1027 (78.1)
Other AURI (J06) 6546 1736 (26.5) 1332 (76.7)
Influenza (J09-
J11)
154 45 (29.4) 37 (81.4)
Viral pneumonia 
(J12)
43 27 (61.7) 22 (83.1)
Acute bronchitis 
(J20)
24425 17466 (71.5) 13942 (79.8)
Acute bronchiolitis 
(J21)
4280 3101 (72.4) 2585 (83.4)
Other ALRI (J22) 998 798 (80.0) 641 (80.3)
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Table 5. Antibiotic prescription and its potential appropriateness for 
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Abbreviations: ARTI, acute respiratory tract infection; AURI, acute upper 
respiratory infection; ALRI, acute lower respiratory infection; Amox/clav, 
amoxicillin/clavulanate; R, recommended; N/R, not recommended; N/D, not 
defined
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Table 6. Antibiotic prescription for Korean paediatric outpatients 





























- < 0.1 d < 0.1 f
Acute tonsillitis 
(J03)




65.0 c 13.4 e < 0.1 f
a 
The clinical practice guidelines recommended amoxicillin/clavulanate for 
the treatment of acute sinusitis in paediatric patients.
b 
The clinical practice guideline recommended penicillin V or amoxicillin for 
the treatment of acute tonsillitis in paediatric patients.
c 
The clinical practice guideline recommended amoxicillin with or without 
clavulanate for the treatment of acute otitis media (AOM) in paediatric 
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patients.
d The recommended antibiotics for paediatrics with acute upper 
respiratory infections or acute tonsillitis were beta-lactamase sensitive 
penicillins (J01CE) with the acceptable range of 80-100% as the 
European APQI.
e The recommended antibiotics for paediatrics with AOM were penicillins 
with extended spectrum (J01CA) or beta-lactamase sensitive penicillins 
(J01CE) with the acceptable range of 80-100% as the European APQI.
f The acceptable percentage of quinolone prescription in paediatrics with 




To the best of our knowledge, this is the first study of overall 
antibiotic prescribing patterns, focusing on broad-spectrum 
antibiotics and evaluating their potential appropriateness in the 
whole paediatric outpatients in Eastern Asian countries hopping to 
reduce its misuse in paediatrics. 
In our study, the number of antibiotic prescriptions per 1000 
Korean paediatric outpatients was 8984 in a year, similar to results 
from the Korean paediatric sample data.[14] This exceeds that in 
the United States (592 prescriptions) and the United Kingdom (537 
prescriptions).[5, 31] As the above statistics show, stringent 
efforts are needed to reduce unnecessary antibiotic use in Korean 
pediatric populations. 
The inappropriate use of broad-spectrum antibiotics in 
paediatrics continues to be a major concern, in spite of little 
evidence that they provide greater therapeutic benefit than narrow 
spectrum antibiotics.[32] The prescription rate of amoxicillin for 
acute pharyngitis/tonsillitis was only 9.0% in Korean paediatrics. 
This study showed that 78.5% of the antibiotics in Korean 
paediatric outpatients were broad-spectrum. The use was more 
frequent than that of other developed countries such as the United 
States (50%) or Germany (63%).[7, 33] Several valid features 
regarding broad-spectrum antibiotics were observed in this study. 
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First, the use was significantly greater in younger patients. 
Similar trends were shown in other studies, although age 
classification varied.[4, 7] This finding is likely due to the entry of 
toddlers or children into the community setting such as daycare 
centers or kindergarten which increases exposure to causative 
pathogens.[2] The insufficient time for performing microbiological 
tests in ambulatory settings might contribute to physicians pursuing 
the broad-spectrum antibiotics.[34] The early exposure of young 
children to broad-spectrum antibiotics is problematic, because they 
represent a large reservoir for resistant organisms. 
Second, the most widely prescribed antibiotics in Korean 
paediatrics were broad-spectrum beta-lactams, among which the 
broad-spectrum penicillins outnumbered second to fourth-
generation cephalosporins as many as 1.5 times. The use of 
amoxicillin/clavulanate was significantly high in Korea compared to 
the other OECD countries in which amoxicillin was used most 
frequently.[1, 4, 33] This might be due to the increasing prevalence 
of beta-lactamase producing pathogens in Korea.[26] Moreover, 
high drug resistance of S. pneumoniae in Korean paediatrics 
(42.3%) compared to the United States (4.2%) or Europe (< 10%) 
might contribute to its prescription.[26, 35-37]
Third, the use of third-generation cephalosporins and broad-
spectrum macrolides increased as patient age decreased, which was 
similar to other countries.[4, 6] These were used more often in the 
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large-sized institutions probably due to the higher severe 
infectious diseases in these centers. The clinical practice guidelines 
from the United States or Europe recommended that oral broad-
spectrum cephalosporins and macrolides not be used due to S. 
pneumoniae resistance.[24, 27] However, this is still controversial 
within the Korean guidelines.[26, 28] 
The antibiotics were prescribed almost twice as often as 
expected for the paediatric ARTIs even in developed countries.[38] 
In this study, the use for ambulatory paediatrics was highest for 
ARTIs, similar to usage in other OECD countries.[7, 33] Paediatrics 
in the United States were prescribed antibiotics mainly for AOM¸ a 
well-known appropriate disease for the prescription, but an 
increasing use of broad-spectrum antibiotics and higher rates of 
treatment failures observed with them is still problematic.[24, 38, 
39] Korean paediatrics were mainly prescribed amoxicillin/
clavulanate for AOM although it was recommended as the second-
line agent in the Korean guideline.[26]
Among ARTIs, a relatively low proportion of antibiotics was 
prescribed for representative viral infections such as the common 
cold or influenza. However, viral ALRIs, such as acute bronchitis, 
were still a primary driver of outpatient visit and inappropriate 
antibiotic use in Korean paediatrics, similar to findings for the entire 
Korean population.[9] In developed countries, the outpatient visit 
rate for acute bronchitis was low, however antibiotics were 
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frequently prescribed.[4, 38] Therefore, global multifaceted 
approaches such as the development of guidelines or educational 
campaigns for the appropriate management of viral ALRIs could 
contribute to the decrease of overall antibiotic use in paediatrics.[6]
To improve the drug safety in Korean paediatrics, the strategies 
should be made to prompte the appropriate drug in paediatrics and 
to strengthen the drug review for paediatrics. The related policies, 
researches and education should be improved as shown in figure 9.
There were some limitations that might affect the interpretation 
of our study. First, since we passively received the national 
reimbursement data, several factors such as diagnosis code might 
be missing or possibly misclassified, leading to an underestimation 
of potentially inappropriate antibiotic use. Second, it was impossible 
to quantify daily doses from the given data due to the discrepancy 
between prescribed quantity of medicine and actual dosing 
instructions. Finally, we were not able to identify whether the 
patient’s visit was an initial or a follow-up visit, and only a small 
amount of data was available for understanding the actual 
circumstance for prescribing the agent in the population. 
In conclusion, antibiotic prescriptions for Korean paediatric 
outpatients are elevated, especially for broad-spectrum antibiotics 
for younger patients and for acute respiratory diseases regardless 
of appropriateness. Moreover, a significant number of antibiotics 
were used for ARTIs for which antibiotics are rarely indicated. The 
42
antibiotic overuse and misuse is a global crisis,[40] but this study 
found that it was more serious for paediatric outpatients in Korea 
where few policies or antimicrobial stewardship programs have 
been applied, and few researches have been carried out to promote 
the appropriate use of antibiotics.
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Figure 9. Strategies for the improvement of drug safety in Korean paediatrics
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소아는 생리적으로 급변하는 시기이므로 연령과 성장 발달 정도에
따라 약물 투여에 대한 반응이 성인과 상이하다. 소아청소년에게 가장
흔히 처방되는 약물인 항생제는 오남용시 항생제 내성균주에 의한
감염증 및 약물이상반응 발현, 불필요한 보건의료비용 지출 등의 문제를
야기한다. 미국, 유럽 등 주요 선진국에서는 항생제 사용에 대한
교육·홍보로 전반적 항생제 사용량이 감소하고 있으나 여전히
소아청소년에의 그 사용은 증가하고 있는 추세이며 주로 광범위
항생제가 처방되고 있는 실정이다. 국내 항생제 오남용에 따른 내성균
증가 속도는 세계적으로 유례가 없을 만큼 빠르다. 국내 외래환자에서
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항생제 처방률은 의약분업 시행 후 다소 감소하였지만 OECD 
보건의료자료에 의하면 2009년 국내 항생제 사용량은 26.9 
DDD/1000인/일로 OECD 평균(21.1 DDD/1000인/일)에 비해 높았으며
항생제 사용량에 대하여 OECD 국가 34개국 중 6위를 차지하였다. 
특히 성인보다 소아‧청소년에게 항생제가 더 높은 비율로 처방되고
있어 항생제 처방율이 가장 높은 급성 상기도 감염증에서 국내 0-
9세의 소아에 대한 그 처방율이 다른 연령대에 비해 3-4배 정도 높게
나타났다
주요 선진국에서는 지역별 또는 국가적으로 소아‧청소년에서
항생제 사용에 대한 연구를 수행하여 이상과 같은 항생제 사용에 대한
올바른 가이드라인을 제시하였다. 그러나 항생제 내성율과 그 양상 및
1차 항생제 선택은 국가별로 상이하므로, 국내 소아‧청소년 환자에서의
항생제 처방률 감소 및 올바른 항생제 사용을 유도하기 위해 연령별, 
요양기관별, 진단명별로 항생제 사용양상에 대한 정확한 자료가 필요한
실정이다. 또한 국내 소아‧청소년 환자에서 약물 사용 양상 분석을
통해 소아‧청소년에서 약물 사용의 적절성 평가가 필요하다. 
이에 본 연구는 건강보험심사평가원 청구자료를 활용한 후향적
임상연구를 통하여 국내 소아‧청소년 외래환자에서 항생제 사용양상을
제형별, 성별, 연령별, 요양기관별, 질환별로 조사‧분석하고 급성




건강보험심사평가원 청구자료의 진료일을 기준으로 2011년 1월
1일 ~ 2011년 12월 31일까지 총 1개 년도의 상급종합병원, 종합병원, 
병원, 의원 및 보건소에서 항생제를 처방받은 만 18세 미만의
소아‧청소년 외래환자의 청구자료를 자료원으로 사용하였다. 처방된
항생제는 「약제급여목록 및 급여상한금액표(보건복지부 고시 제2012-
143호)」에서 분류번호가 ‘610. 항생물질제제’ 및 ‘620. 
화학료법제’에 해당하는 성분 중 WHO의 ATC (Anatomical
Therapeutic Chemical) 분류체계 ‘J01. Antibacterials for systemic 
use’에 해당하는 약물만을 연구대상으로 하였다. ATC 코드 중분류를
기준으로 broad-spectrum penicillins (antipseudomonal penicillins 
with extended spectrum such as piperacillin (J01CA12), ticarcillin 
(J01CA13) 및 combinations of penicillins, including beta-lactamase 
inhibitors (J01CR)), second to fourth-generation cephalosporins 
(J01DC, J01DD, J01DE), carbapenems (J01DH), broad-spectrum 
macrolides (azithromycin (J01FA10), clarithromycin (J01FA09)) 
및 fluoroquinolones (J01MA) 항생제를 광범위 항생제로 구분하였고, 
그 외의 항생제는 좁은 범위 항생제로 구분하여 분석하였다. 동
연구계획서는 서울대학교 생명윤리심의위원회의 심의를 통과하였다. 
소아청소년 외래환자에서 항생제 사용현황을 연령별로 분석하기
위하여 International Conference on Harmonisation (ICH) 기준에
따라 영유아(0-23개월), 어린이(2-11세), 청소년(12-17세)으로 하여
분석하였다. 요양기관별로 분석하기 위하여 「의료법(법률 제10609호, 
2011.4.28.)」의 기준에 따라 상급종합병원(≥20개 진료과목), 
종합병원(≥100개 병상 및 ≥7개 진료과목), 병원(≥30개 병상), 
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의원(주로 외래환자를 대상으로 하는 의료기관) 및 보건기관으로
구분하였다. 동 연구에서는 질환별 항생제 처방현황을 분석하기 위하여
요양기관 방문시에 진단된 주상병만을 분석대상으로 하였다. 
데이터베이스의 명세서일반내역(200) 및 수진자 상병내역(400)의
상병코드는 한국표준질병-사인분류(KCD-5)의 상병분류기호로
제시되어 있으며, 이를 동 연구의 분석에 활용하였다. 
소아청소년 외래 환자에 대한 광범위 항생제 처방과 관련된
인구학적 및 임상적 요인을 확인하기 위하여 로지스틱 회귀분석을
시행하였다. 분석에 포함된 인구학적 요인과 임상적 요인은 다음과 같다. 
이분항 분석시 각 요인과 광범위 항생제 처방간의 상관관계가
명목상으로 나타난 변수(P < 0.05)에 대해서만 로지스틱 회귀분석이
수행되었다. 모든 통계분석은 SAS® 프로그램 version 9.2을 사용하여
수행되었다. 
급성 호흡기계 감염증을 급성상기도감염(J00-J06), 인플루엔자
(J09-J11), 폐렴(J12-J18), 급성하기도감염(J20-J22), 급성 중이염
(H650, H651, H660)와 같이 선정하여 소아청소년 외래 환자에서 이들
질환에 대한 총 항생제 처방 현황 및 연령별, 요양기관별 항생제 처방
양상을 분석하였다. 아울러 급성 호흡기계 감염증에 대한 항생제 처방의
적절성을 질환별로 나누어 항생제 사용이 적절한 급성 호흡기계
감염증(급성 부비동염(J01), 급성 인두염/편도염((J02-J03), 폐렴
연쇄구균에 의한 폐렴(J13), 인플루엔자균에 의한 폐렴(J14), 달리
분류되지 않은 세균폐렴(J15-J18), 급성 중이염) 및 항생제 사용이
적절하지 않은 급성 호흡기계 감염증(급성 비인두염(J00), 급성
후두염/기관염/후두개염(J04-J05), 기타 급성 상기도 감염(J06), 
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인플루엔자(J09-J11), 바이러스폐렴(J12), 급성 기관지염(J20), 급성
세기관지염(J21), 기타 급성 하기도감염(J22))으로 나누어 항생제 처방
현황 및 상위 3개의 다빈도 처방 성분명을 분석하였다.
3. 연구결과
만18세 미만 환자 7,865천명에게 총 70,657천건의 항생제 107개
성분이 처방되었으며, 이는 연간 1,000명의 환자에 대한 8,984건의
처방을 의미하였다. 항생제를 처방받은 소아청소년 연령의 중앙값은
4.0세였다. 연령별로는 어린이에게 연간 약 46백만건(65.3%)의
항생제가 처방되어 가장 많은 비율을 차지하였다. 그러나 연령군별
환자수를 고려하면 영유아에게 가장 많은 비율의 항생제
(16,504건/1,000명)가 처방되었고, 어린이에게의 처방율
(10,665건/1,000명)보다 높은 비율이었다. 아울러 청소년에 비해
영유아 및 어린이에서 항생제 처방율은 각각 약 5배 및 3배 정도
높았다. 요양기관별로는 의원에서의 항생제 처방건수가 각각 87%로
가장 많은 비율을 차지하였다. 
항생제가 처방된 만18세 미만 환자의 주상병으로는 급성 호흠기계
질환을 포함하는 호흡기계 질환(J00-J100)이 80%(51,039천건)로
가장 많은 비율을 차지하였으며, 중이염을 포함하는 귀/꼭지돌기의
질환(H60-H96)에의 항생제 처방율도 16%(11,285천건)를 차지하였다. 
피부/피부밑조직의 질환(L00-L100), 눈/부속기의 질환(H00-H59) 및
특정 감염성/기생충성 질환(A00-B99)에의 항생제 처방이 연간 전체
항생제 처방 중 각각 약 2-3%를 차지하였다.
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국내 전체 만 18세 미만 외래환자에서 광범위 및 좁은범위 항생제
처방율은 각각 1,000명 환자 당 7,055건 및 1,929건으로 광범위
항생제의 처방이 유의하게 높았으며, 이는 전체 항생제 처방에서
78.5%를 차지하였다. 처방된 광범위 항생제 중에서는 amoxicillin/
clavulanate가 전체 항생제 처방의 38.2%로 가장 많이 처방되었으며
cefaclor가 다빈도(13.0%)로 처방되었고, clarithromycin (11.6%)이
처방율이 높았다. 좁은범위 항생제 중에는 amoxicillin이 전체 항생제
처방의 9.9%로 가장 많은 처방을 차지하였고 roxithromycin이 4.1% 
처방되었다. 
영유아 및 어린이에게는 broad-spectrum penicillins계 항생제가
가장 많이 처방되었으나(각각 47% 및 52%) 청소년에서는 second to 
fourth-generation cephalosporins가 약 46%로 broad-spectrum 
penicillins계 항생제(45%)와 유사한 빈도로 처방되었다. 광범위 항생제
중에서 병원, 의원 및 보건기관에서는 broad-spectrum penicillins계
항생제가 각각 45%, 52% 및 58%로 가장 많이 처방되었으나
상급종합병원 및 종합병원에서는 second to fourth-generation 
cephalosporins계 항생제 처방이 각각 50% 및 47%로 가장 많은
비율을 차지하였다. 또한 broad-spectrum macrolides 계열 항생제도
병원의 규모가 커질수록 많이 처방되는 경향을 보여 상급종합병원, 
종합병원 및 병원에서는 그 처방율이 각각 21%, 23% 및 21%를
차지하였다.   
로지스틱 회귀분석을 통해 국내 소아청소년 외래 환자의 인구학적, 
임상적 요인과 광범위 항생제 처방과의 연관성을 분석한 결과, 
요양기관의 차이는 광범위 항생제의 처방에 영향을 주지 않았다(p > 
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0.05). 연령별로는 청소년에 비해 영유아에서 1.96배(95% 신뢰구간
1.04-3.71), 어린이에서 1.82배(95% 신뢰구간 1.08-3.06) 광범위
항생제 처방의 odds가 높았다. 광범위 항생제는 항생제 처방의
적절성에 관계없이 급성호흡기계 질환에 유의하게 더 많은 비율로
처방되어, 항생제 사용이 적절한 급성 호흡기계감염증에는 2.36배(95% 
신뢰구간 1.30-4.27), 그 사용이 적절하지 않은 급성호흡기계
감염증에는 2.17배(95% 신뢰구간 1.21-3.89) 광범위 항생제 처방의
odds가 높았다. 반면 항생제 사용의 적절성이 정의되지 않은 기타
호흡기계 질환의 경우 보정된 OR의 95% 신뢰구간이 1을 포함하고
있어 그 차이가 유의하지 않았다. 
모든 연령군에서 급성 상하기도 감염증에 대부분의 항생제가
처방되었으나 영유아 및 소아의 경우 급성 하기도 감염증에의 처방이 더
많은 반면 청소년의 경우 급성 상기도 감염증에의 항생제 처방이 가장
큰 비율을 차지하였다. 또한 청소년에 비해 영유아 및 소아에서
폐렴에의 항생제 처방이 약 2.5배 정도 나타났다. 급성 중이염은 연령이
어릴수록 그 처방율이 급격히 증가하여 영유아에서 항생제 처방율이
어린이 및 청소년에 비해 각각 약 2배 및 4배 정도 높았다. 
요양기관별로도 질환별 항생제 처방 양상에 차이가 있었다. 병원 및
의원급에서는 급성 상하기도 감염증이 항생제 처방의 대부분을
차지하였으나 병원의 규모가 커질수록 그 처방율은 감소하였다. 그러나
폐렴의 경우 의원급에서 그 처방율은 4.5%인데 비해 종합전문
병원에서는 전체 급성 호흡기계 질환에 대한 항생제 처방의 40.7%가
폐렴에 대한 처방이었다. 
항생제 사용이 적절한 질환(48.6%)에 비해 항생제 사용이
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적절하지 않은 호흡기계 질환에서의 항생제 처방율이 51.4%로 높게
나타났다. 급성 상기도 감염증(J00-J06)에 속하는 부비동염(J01), 
인두염(J02), 편도염(J03)의 경우 amoxicillin/clavulanate가 약 50% 
정도로 가장 많이 처방되었으며 좁은 범위 penicillin 계 항생제인
amoxicillin도 약10%의 처방을 차지하였다. 세균성 폐렴(J13-J18)에
대해서는 원인균에 따라 처방되는 항생제의 종류가 다양하였으나, 
원인균이 명확한 폐렴에 대해서도 주로 광범위 항생제가 처방되었다. 
항생제 사용이 적절하지 않은 호흡기계 질환에 대해서는 바이러스성
폐렴을 제외하고는 모든 질환에 대해 amoxicillin/clavulanate이 약40% 
정도로 가장 다빈도로 처방되었다. 
4. 결론
국내 소아청소년 외래 환자에서 전반적으로 광범위 항생제가
과다하게 처방되고 있었으며 이는 연령이 어릴수록 그 처방이 유의하게
증가하였고 호흡기계 질환에서 그 처방율이 높았다. 아울러 항생제
처방이 적절하지 않은 호흡기계 질환(중이염 포함) 및 그 적절성이
정의되지 않은 질환에 항생제가 부적절하고 과다하게 처방되고 있었다. 
따라서 국내 소아청소년에서 항생제 처방율을 줄이고 그 적절성을
기하기 위한 국가적 차원의 항생제 관리 노력이 필요하다.
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